By using the digital electric drying oven and microwave drying system, experiment select different microwave power and different hot air temperature for oil shale drying. The results indicated that: microwave drying is faster than hot air drying by an order of magnitude; microwave drying of oil shale is obviously classified into three phases: warming-up, constant rate and falling-rate periods. Drying took place mainly in constant rate and falling-rate periods. Through the analysis of experimental data processing, we can see that microwave drying is not suitable for Page's model, while hot air drying using Page model is fitting.
the oil shale drying, A. Tamimi and B.Z.Uysal [6] studied drying characteristics of oil shale, particle size was found to be not very effective at low temperatures about 50 , but was important for particles larger than 4mm at temperatures greater than 67 . Otherelse, S. Haber, A. Shavit and J. Dayan [7] studied drying of Porous oil shale, the model was applied for the evaporation of moisture from oil shale, results are given in a parametric form. In this paper, taking the Liushuhe oil shale for example, studies hot air and microwave drying of oil shale and discusses the drying characteristics and regulars patterns of oil shale. On the one hand, the article aims to compare the two drying methods, look for the method to improve the drying efficiency and realize saving; on the other hand, provide a base for development of oil shale.
2.Experimental Samples and Methods

2.1.Materials
In this research, raw oil shale was taken from the Liushuhe mine in Daqing city, China. The raw oil shale was crushed and sieved to a particle size range of 1~3 mm using a standard sieve, and then stored in a desiccator for use. Based on National Standards of China (GB/T 212-2001 and GB/T 476-2001), proximate and ultimate properties of oil shale were analyzed respectively. The results were in Table 1 .
2.2.The Main Experimental Equipments
Microwave drying device adopts the home-made device and testing records system is shown in Fig. 1 .
Microwave drying system was used based on a microwave oven (Panasonic NN-GS575W ) with nominal power of 0 ~ 1000 W adjustable at 2,450 MHz. In order to make the heat more evenly, the bottom of the launch of rotating wave technology was used. To prevent microwave into the instrument, we used microwave special thermometer(ST-16A). Temperature data was record by the United States Agilent 34970 data acquisition / switch unit. The moisture loss was determined by weighing the plate using digital balance (Shimadzu, AUW320) with 0.1mg precision at any time. Data through the RS-232C interfaces directly from the computer output. Hot air drying uses HT101-E (BP) digital electric drying oven. 
2.3.Calculation method of experimental
For oil shale samples, being 50( 0.1)g were kept in the electric oven at 105 for 24h to determine initial moisture content.
Moisture content of materials can be calculated as follows:
Where M is the moisture rate of material. W 0 is the initial quality of material in g. W is the equilibrium quality of material in g.
Dehydration rate of materials can be calculated as follows:
is the Dehydration rate. Wt is the t moment materials quality in g.
2.4.Experimental procedure
The Oil shale of particle size for 1~3mm were separated by microwave drying and hot air drying. They were controlled trials. Microwave drying trial was carried out at three different microwave generation power being 550W, 400W and 300W. The oil shale to be dried were 50( 0.1)g in weight and selected from the uniform. The moisture loss was determined by weighing the plate using digital balance. All weighing processes were completed in 10s during the drying process through the RS-232 data interface by the computer. We'll stop drying and sealing dried samples if the quality of samples doesn't change.
Hot drying trial was carried out at three different temperature generation oven being 100 , 80 and 60 . Three 50( 0.1)g oil shale samples were dried in an oven. Depending on the drying conditions, moisture loss was recorded at 5min intervals during drying by removing the pottery from the oven, and placing this, along with the oil shale sample on the digital balance. Seal dry samples when the material quality of constant weight drying.
3.Discussion of Results
3.1.Different drying methods on dehydration rate of oil shale
Dehydration rates drying time diagram of oil shale along the drying period on dry basis is given in Fig.  1 . During the drying of 50g oil shale at three different microwave power, a total of 15(±0.8)g of weight loss occurred from each drying sample. As seen in Fig. 1 , a reduction in drying time occurred with the increasing microwave power level. The shorter the reaching the material balance time was, the higher the efficiency of dehumidification was. The curve is steeper before material dehydration at the dehydration rate of 80%, the rate of dehydration was the faster, curve becomes gently gradually later and the rate of dehydration was slower. The intensity of cavity field increases with the rise of microwave power. The greater the heat was generated by per unit time volume of material, the sooner the water evaporation of materials. Fig. 3 shows how the dehydration rates of oil shale was increased drying time under three different temperature. At the beginning of a drying process, oil shale with an average initial moisture content of 15.99( 0.01)g water g dry solid-1 were heated up. Hot air drying at 60 , 80 and 100 required 2h, 3h and 4h. During the first 25min, dehydration rate curves under different temperature were almost identical, while the moisture of material surface evaporization gradually. The dehydration rate increases, with the increase of temperature, the slope of the curve is steeper and steeper, the time is shorter by reaching to constant weight. show that: Either hot air drying or microwave drying, the drying curves of oil shale have the general characteristics of a typical drying curve. With the microwave power or the hot drying temperature rise, the rake of drying curve is larger, the shape of wave line becomes steeper and steeper. The results indicated that with the drying temperature or microwave power increasing, drying rate increased and drying time was shorter. Microwave power was 300W, 400W, 550W respectively and the rate of material dehydration reached to 80%, the corresponding time was 746s, 516s, 412s; while the hot air temperature was 60 , 80 , 100 , the rate of material dehydration reached to 80%, the corresponding time was 115min, 80min, 55min, so microwave drying was faster than hot air drying on the correspondence drying conditions.
3.2.The effect on dehydration rate of oil shale by different drying methods
A graphical representation of the change in moisture (dry basis) with dehydration rate at different microwave output powers is illustrated in Fig. 4 . From the chart, we can summarize that three distinct periods are identifiable, namely a warming-up, constant rate and falling-rate periods. The initial short warming-up stage corresponds to solid heating, and consequently to non-isothermal drying conditions, this followed by a constant rate period observed only at low output power. This observation is in agreement with previous literature studies on microwave drying of food products [8] . The power was 550W, the constant rate period was relatively longer; the low power was 300W, the drying rate was relatively slower, the mainly drying process occurred at drop speed drying stage. A graphical representation of the change in moisture (dry basis) with dehydration rate at three different hot air temperature microwave output powers is illustrated in Fig. 5 . Theoretical analysis shows: generally, the material drying process is divided into three phases: warming-up, constant rate and falling-rate periods, however, the three stages of drying are an ideal drying process for us. Hot air drying process of oil shale is divided into three stages basically. With the increasing of temperature, the constant rate drying stage is not evident.Due to the higher the temperature was, the lower the drying materials moisture content at the same time was. The higher the temperature was, the lower the air relative humidity was, variation of humidity between air and materials becomes larger, the difference of temperature and humidity become larger, the larger the drying rate was and the shorter the reaching to specific moisture content time was.
3.Oil Shale Drying Model
The following common semi-empirical page's equation (Eq.(3) ) was used to describe the drying kinetics of oil shale [9.10] : 
Where MR is the moisture ratio. t is the drying time in min. K, N is the drying constant in min-1 . Mt is the t moment of moisture content db. M0 is the initial moisture content db. Me is the equilibrium moisture content db.
Lnt and ln (-lnMR) respectively for the x-axis and y-axis in the coordinate system mapping is shown (in Fig. 6, Fig. 7 ). Comparing Fig. 6 with Fig. 7 , we can see that hot air drying of the oil shale was better than microwave drying in linear relationship. Therefore, experiments verified that the model is fit to experiment data, but microwave drying of oil shale does not fitting. The linear relationship is shown in Fig.  8 and equation (5) . The slope is N, intercept is lnK. 
3.1.Hot air drying and model fitting
Hot air drying kinetics of oil shale were described using the drying data. Non-liner regression technique was used to estimate the parameters K and N of semi-empirical Page's equation (Eq.(3) ) and the fitness is shown in Fig. 8 . The model gave an excellent fit for all the experimental data points with values for the coefficient of determination of greater than 0.9988 and the standard error of estimates lower than 0.00528(60 ). As a result, measured moisture rate values and estimated moisture rate values were found similar to each other. 
4.Conclusions
Microwave drying of oil shale greatly reduced the drying time and improved the drying efficiency compared with hot air drying. Microwave drying of oil shale process is divided into three distinct periods on the whole: warming-up, constant rate and falling-rate periods. Drying took place mainly in the falling rate period followed by a constant rate period after a short heating period. For hot air drying of oil shale is divided into three stages basically, and is not so obviously as microwave drying. In the experiment, Page's model was not suitable for fitting MR-t curve of oil shale microwave drying, but Page's model yielded the best description of oil shale hot air drying process, its correlation coefficients are above 0.99, its regression curve is remarkable.
